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METHOD AND APPARATUS FOR MINIMIZING
THE VISUAL DEGRADATION OF DIGITAL
TYPEFACE—HORIZONTAL ADJUSTMENT

This is a divisional application of U.S. patent applica-
tion Ser. No. 07/263,043, filed on Oct. 26, 1988, entitled
Method and Apparatus for Minimizing Visual Degrada-
tion of Digital Typeface now abandoned. This divi-
sional application is related to the following continua-
tion and lelSlOllal applications of the parent applica-
tion:

a. U.S. patent application Ser. No. 07/850,245, filed
on Mar. 11, 1992, entitled Method and Apparatus for
Minimizing Visual Degradation of Digital Typeface;

b. U.S. patent application Ser. No. 07/846,213, filed
on Mar. 4, 1992, entitled Method and Apparatus for
Mimimizing Visual Degradation of Digital Typeface-
Character Analysis;

c. U.S. patent application Ser. No. 07/846,586, filed
on Mar. 5, 1992, entitled Method and Apparatus for
Mmmuzmg Visual Degradatlon of Digital Vertical Ad-
justment;

d. U.S. patent application Ser. No. 07/846,584, filed
on Mar. 5, 1992, entitled Method and Apparatus for
Minimizing Visual Degradation of Digital Typeface-
Diagonal Adjustment.

FIELD OF THE INVENTION

The method and apparatus of the present invention
relates to the technique of intelligent scaling. More
particularly, the present invention relates to data pro-
cessing apparatus and methods for minimizing the vi-
sual degradation of digital typefaces.

ART BACKGROUND
As the popularity and affordability of computers

5,281,959
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have increased, so has the number of computer pro-

- grams available. The computer programs available are
diverse, encompassing a wide variety of applications. In
addition, the range of users has broadened from the
computer programmer of 10 years ago to businesses that
use the computer for a variety of tasks 1nclud1ng word
processmg and accounting.

It is well understood from the nature of digital repre-
sentations of continuous analog forms that some degra-
dation will occur when translating from a continuous
representation (such as a typeface prepared manually by
a calligrapher) to a discrete digital representation. Pro-
grammers and engineers, the original users of comput-
ers and viewers of digital typefaces generated by com-
puters (typically on CRT’s and computer printers) were
not concerned about how the type looked so long as the
characters were somewhat readable. However, not only
has the viewer of digital type changed but also the
requirements with respect to legibility and degradation
of type.

As a result, the ability to prowde leglble digital type-
faces has become extremely important for the automa-
tion of the printing and typesetting industry as well as
for word processor users who require legible, letter
quality type. For further information on digital type-
faces, Bigelow & Day, “Digital Typography”, Scientific
American, p. 106-119, August 1983; Karow, Digital
Formats For Typefaces, (URW Verlag 1987).

Typically, to produce a digital typeface, the typeface
1s developed manually, digitized and input into a digital
typeface format such as IKARUS. Problems arise be-

45

50

3

65

2

cause the control points of the character which define
the outline of the character do not always coincide to
the discrete grid positions corresponding to the resolu-

tion of the digital display or printer. As a result, the

control points are rounded off to the nearest grid posi-
tion and parts of characters which originally had the
same dimension (for example the widths of the vertical

portions of an upper case “I”’ and “J”’) now have differ-

ent dimensions. This method results in the visual degra-
dation of the typeface because the reader does not easily
see and recognize the characters with the height and
width relationships among the characters changed. Fur-
ther degradation of the typeface occurs when the size of
the characters is globally increased by multiplying the
dimensions by a factor, because the inconsistencies in
the typeface are also multiplied by that factor.
Another problem arises due to the fact that the thick-
nesses or heights of characters or portions of characters
may be approximately, but not exactly, the same height
or width. As the scale of the typeface decreases, the
likelihood of distortion increases due to the small differ-
ences 1n height or width. If, for example, the heights of

 the characters are exactly the same, the scaled version

of each of the characters would also be exactly the
same. However, if the heights differ by a small value
and the display is a low resolution device, the height of
one character may be rounded off to one pixel and the
height of another typeface may be rounded off to a
different pixel even through the original difference in
height may have been less than 0.25 of a pixel. In small
scale (low resolution) cases similar to the above exam-
ple, it 1s desirable to round the heights of the character
to the same pixel in order to maintain the original sym-
metry and proportions. Thus, the typeface loses the
original symmetry and proportion among characters
and portions of characters in the typeface again result-
ing in the visual degradation of the typeface.

To solve these problems, skilled technicians are em-
ployed to manually correct any deficiencies in the type-

face by reviewing each character and modifying por-

tions of the character which the technician usually per-
ceives to increase the legibility. However, this process
1s time consuming and costly. There are two primary
variables that have to be considered when scaling a
digital typeface for display: (1) the different sizes of the
font, e.g. 9 point, 10 point or 12 point; and (2) the differ-
ent resolutions of the display or output device. For each
typeface, the manual process must be performed for
each possible scale which is equal to the product of the
resolution and font size. In addition, the quality of the
work is dependent on the skill of the technician. Com-
puter aided processes have been introduced to assist in
the manual process. For example there are systems,
which display the character and provide a means for the
skilled technician to view and modify the character on
the display. However, the process of adjustment, what
to adjust and how much to adjust is still performed by
a skilled technician. U.S. Pat. No. 4,675,830 discloses a
method for producing scaling typeface data in which
the relative dimensions of the characters are preserved.
However, the process disclosed requires not only the
input of data which describe the typeface but also con-

“trol information such as key points of the typeface

which are aligned with the grnid points and dimensions
that are to exist between grid points. This additional
input must be generated manually by a skilled techni-
cian who develops the control information by visual
inspection of the typeface.
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SUMMARY OF THE INVENTION

It is therefore an object of the invention to mmumze
the visual degradation of a digital typeface. B

It is an object of the invention to provide an auto-
‘mated method for increasing the leglblhty of a drgrtal_ |

typeface

It is further an object of the i tnventlon to maintain the_. -
visual symmetry and proportions among the characters __—
10

of the typeface.

5,281,959

It is an object of the present mventlon to provrde a

method of intelligent scahng

It is an object of the invention to provide a process- -
for estabhshmg a classification of visual components

13 '}_ef the present invention.

~ which comprise the characters of the typeface.
It is further an object of the invention to provide a

process for determining the priority of visual compo-

nents of the typeface wherein the higher priority com-
ponents are aligned with grid pOSlthIlS and the align-

ment of the lower priority components is dependent on

the alignment of the higher priority component.

nicians. -
The present mventron prowdes methods and appara-

4

BRIEF DESCRIPTION OF THE DRAWINGS
The objects, features and advantages of the method

" and apparatus for the present invention will be apparent
from the follomng detailed descnpnon of the preferred
embodiment in which:

" FIG. 1 ﬂlustrates a computer mcorporatmg the pres-

‘ent invention.

FIGS. 2a-1 through FIGS. 2a-4 illustrate the control

points used to digitally describe the character and FIG.

2b illustrates the contour conventron used in the de-

- scription of the method and apparatus of the present
'mventton R

FIG.3isa flow chart generally deprctmg t.he process

FIG. 4a is an illustration of a character and the corre-

’ Z_Spondmg frame and FIG. 4 is a flow chart illustrating

~ a method for determining the frame of the character.

20
Through the method and apparatus of the present - | ‘:fl’-flm’t‘:‘il in FIG. §.
invention, the visual degradation of digital typefaces is
minimized without the manual input of the skilled tech-
| | 25

_FIG. 5 shows the letter “e” and its control points.
FIG. 6 shows the frame formed from the letter “e”

- FIG. 7a, 7b and 71c lllustrates the geometnc relatlon-

-ships between control points and frame points.

- FIG. 8 is a flow chart briefly descnbmg the analysrs

" process of the present invention.

tus which are most advantageously used in conjunction

with a digital computer to minimize the visual degrada-
tion that occurs when preparing and scalmg digital
typefaces. In the method and apparatus of the present

FIG. 9a is a flow chart descnbmg the process of

determining the visual components with respect to X

- coordinates up to the highest priority visual component,

30

invention, the frames, which are used to describe each

character, are modified according to a. predetermined

set of rules which analyzes and establishes the visual _
components which make up each character and the

35
~strokes.

pnonty in which the components are aligned on grid

‘points and with respect to prevrously ahgned compo-

nents.

acter in a digital typeface format, are analyzed to deter-
mine the frame of a character. The frame is a simplified
form of the character which comprises important visual
properties or components of the character which are to

~ be preserved. The frame is analyzed in the horizontal

The control pcmts, which are used to deﬁne the char-

the X main street. FIG. 95 is a flow chart describing the
process of determining the visual components with

- respect to the Y coordinates up to the l'ushcst priority

visual component, the Y main street.
FIG. 10q illustrates X master segments and X strokes
and FIG. 106 mustrates Y master segments and Y

FIGS. 11a and llb are ﬂow charts descnbmg the

. limited dwergence process of the present invention.

direction and vertical direction to determine the prior-

ity or importance of the coordinates which define the

45

~outline of the frame. The important coordinates, re-

ferred to as master coordinates, are then further ana-

~lyzed to determine the corresponding master segments.

~These segments are then analyzed to determine the

pairs of segments which form strokes. The strokes are
classified and prioritized.

50

FIG. 12 is a flow chart describing the honzontal

adjustment process of the present invention.

FIG. 13a illustrates the relative adjustment process of

~the present invention and FIG. 13b illustrates the
method for adjusting slave coordinates. =

- FIG. 14 is an illustration of a local extreme -
FIG. 15 is a flow chart illustrating the process of
detenmmng clusters with respect to the Y ahgm:nent

- adjustment process of Y coordinates.

'FIG. 16 is a flow chart describing the Y a]rgn.ment

adjustment process of the present invention.
‘FIGS. 172 and 176 are flow charts descnbmg the

. vertlcal adjustment process of the present invention.

Using the visual components determmed from the

analysis of the character, the coordinates of the frame
are adjusted starting with the highest priority compo-

nent, the highest priority stroke, according to certain

rules which are dependent upon whether the strokes

formed are oriented in the horizontal or vertical direc-

tion. Components lower in priority, such as the lower
priority strokes, master coordinates which are not part

of a stroke and frame coordinates which are not defined

as master coordmates, are then modified or alignedina
 manner that is dependent on the previously aligned

components. As a result of the priority and rules for

adjustment, the important visual components of each

~ character and the relationship of the visual components

of each character with the other characters of the type- -
face are preserved thereby nnmmlzmg the visual degra- |

- dation of the typeface.

65

FIG. 18 illustrates the location of the clusters and

~ strokes used to describe the vertical adjustment process
of the present invention.

33 .

| 'adjustment process of the present invention.

'FIG. 19 is a flow chart whrch descnbes the diagonal

FIG. 20 illustrates the ad_]ustment of a dmgona] stroke
in the character “N”.
FIG. 21a-214 illustrate the ad_lnstment of the frame

‘points of dragonal strokes accordmg to the present in-

ventlon

| NOTATION AND NOMENCLATURE

The detal.'led descriptions Wh.lCh follow are presented
largely in terms of algorithms and symbohc representa-

~ tions of operations on data bits within a computer mems-
- ory. ‘These algonithmic descnptlons and representations

~are the means used by those slu]led in the data process-
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S

ing arts to most effectively convey the substance of
their work to others skilled in the art.

An algorithm is here, and generally, conceived to be
a self-consistent sequence of steps leading to a desired
result. These steps are those requiring physical manipu-
lations of physical quantities. Usually, though not neces-
sarily, these quantities take the form of electrical or
magnetic signals capable of being stored, transferred,
combined, compared, and otherwise manipulated. It
proves convenient at times, principally for reasons of
common usage, to refer to these signals as bits, values,
elements, symbols, characters, terms, numbers, or the
like. It should be borne in mind, however, that all of
these and similar terms are to be associated with the
appropriate physical quantities and are merely conve-
nient labels applied to these quantities.

Further, the manipulations performed are often re-
ferred to in terms, such as adding or comparing, which
are commonly associated with mental operations per-
formed by a human operator. No such capability of a
human operator is necessary, or desirable in most cases,

in any of the operations described herein which form

part of the present invention; the operations are ma-
chine operations. Useful machmes for performing the
operations of the present invention include general pur-

10

6

not described in detail in order not to obscure the pres-
ent invention unnecessarily.

GENERAL SYSTEM CONFIGURATION

FIG. 1 shows a typical computer-based system for
increasing the legibility of digital typeface according to
the present invention. Shown there is a computer 1
which comprises three major components. The first of
these is the input/output (I/O) circuit 2 which is used to
communicate information in appropriately structured

- form to and from the other parts of the computer 1.

15

20

Also shown as a part of computer 1 is the central pro-
cessing unit (CPU) 3 and memory 4. These latter two
elements are those typically found in most general pur-
pose computers and almost all special purpose comput-
ers. In fact, the several elements contained within com-
puter 1 are intended to be representative of this broad
category of data processors. Particular examples of
suitable data processors to fill the role of computer 1

include machines manufactured by Sun Microsystems,

Inc., Mountain View, Calif. Other computers having
like capabilities may of course be adapted in a straight-

~ forward manner to perform the functions described

25

pose digital computers or other similar devices. In all

cases there should be borne in mind the distinction
between the method operations in operating a computer
and the method of computation itself. The present in-
vention relates to method steps for operating a com-
puter in processing electrical or other (e.g., mechanical,
chemical) physical signals to generate other desired
physical signals. |
The present invention also relates to apparatus for
performing these operations. This apparatus may be
specially constructed for the required purposes or it
may comprise a general purpose computer as selec-
tively activated or reconfigured by a computer program
stored in the computer. The algorithms presented
herein are not inherently related to a particular com-

30
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puter or other apparatus. In particular, various general

purpose machines may be used with programs written
in accordance with the teachings herein, or it may
prove more convenient to construct more specialized
apparatus to perform the required method steps. The
required structure for a variety of these machines will
appear from the description given below.

DETAILED DESCRIPTION OF THE
INVENTION

The following detailed description will be divided
into several sections. The first of these will discuss a
' general system arrangement for performing the process
for minimizing the visual degradation of digital type-
faces. Subsequent sections will deal with such aspects of
the present invention as the analysis of the typeface data
to determine the important visual components of each
character in the typeface and the priority of adjustment
of the visual components and adjustment of the charac-
ters in horizontal, vertical and diagonal directions.

In addition, in the following description, numerous
specific details are set forth such as algorithmic conven-

45
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tions, character definition conventions, specific num-

bers of bits, etc., in order to provide a thorough under-
standing of the present invention. However, it will be
obvious to one skilled in the art that the present inven-
tion may be practiced without these specific details. In
other instances, well-known circuits and structures are

65

below. |

Also shown in FIG. 1 is an input device §, shown in
typical embodiment as a keyboard. It should be under-
stood, however, that the input device may actually be a
card reader, magnetic or paper tape reader, or other
well-known input device (including, of course, another
computer). A mass memory device 6 is coupled to the
1/0 circuit 2 and provides additional storage capability
for the computer 1. The mass memory may include
other programs and the like and may take the form of a

~magnetic or paper tape reader or other well known

device. It will be appreciated that the data retained
within mass memory 6, may, in appropriate cases, be
incorporated in standard fashion into computer 1 as part
of memory 4. |

In addition, a display monitor 7 is illustrated which is
used to display messages or other communications to
the user. Such a display monitor may take the form of
any of several well-known varieties of CRT displays.

'Preferably, the dlsplay monitor 7 may also display the

graphic images 1.e. the typefaces, generated from the
digital typeface data modified according to the process
of the present invention. A cursor control 8 is used to
select command modes and edit the input data, such as,
for example, the scale of the typeface, and provides a
more convenient means to input information into the
system.

PROCESS OVERVIEW

Referring to FIG. 2a-1 through FIG. 24-4, several
upper case and lower case characters of a typeface are
shown. In FIG. 2a-1 through FIG. 2a-4 lower case “0”
and “f”’ and upper case “N” and “G” are illustrated.
Associated with each character is a set of points, for
example points 10, 15, 20 and 25 which are the control
points of the character. The control points are depen-
dent on the digital format that is used to describe the
character. In the present example the characters are
described and control points reflect a contour format
comprising straight line segments and arcs of conics and
beziers. Straight line segments are described by two
control points, conic arcs are described by three control
points and bezier arcs are described by four control
points. For example, in FIG. 2a-1, control points 10, 15
and 25 describe a conic arc between points 15 and 25
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wherein control point 10 dictates the arc or the radius of
the curve. There are many other formats such as the
IKARUS format, DI format, the VC format and the VS
format which are also used to define dlgltal typcfaccs
However, in the description of the present invention the 5
format described above will be used.

Throughout the descnptlon of the process, the char- -
acters are represented and described accordmg to a
to use with a single convention and may be casily ap- 10
plied to other conventions. In the followmg convention,
the character consists of one or more contours each
defining a boundary between “black” and “white”.
Each contour consists of a begln point followed by a -
-sequence of arcs. Each arc is defined by a curve type 15
and two or more control points. Due to the continuity
‘of the contour the first point of each arc is implicity the
last of the previous one. The last point of the last arc
must be coincident with the beginning point. The con-
‘tours are defined in relation to a coordinate system such -
that: (1) when the character is viewed in the normal
-, readmg position the X axis points in the direction of

successive character placement, e.g. to the right for the

‘roman alphabet, down for a Chinese font; (2) the Y axis
is 90% counter clockwise from X; and (3) the direction 25
of the contour is clockwise if the region enclosed is

- black, otherwise the direction of the contour is counter

clockwise. No arc has inflections or extremes except at
the end points of the arc. Note that an arc that has an
inflection or extreme which is not at an end point, can’
be subdivided into two arcs at the point of the inflection
or extreme such that the inflection or extreme occurs at
the end points of the newly created arcs. |

To better understand this convention the letter

£6 99

cls'

the character is oriented in a clockwise direction re-
flecting that the outside contour encases a black reglon
The inside contour surrounds a white region and is
therefore the contour oncntcd n the ccuntcr c]ockmse
direction.
The curve types description (1 e. strmght line seg-
- ment, arcs of conics or arcs of Beziers) remain invariant -
‘during the adjustment process only the control points
change. The adjusted character is then the one defined

by the same curve types dcscnpuon controlled by the 45_

adjusted control points.

In the descnptlon reference is made to thc the reso]u-
tion, font size and the scale of the display device. The
resolution of the display device is described in terms of
pixels, a known computer graphic display quantity. The 50
resolution may be expressed as the total number of
pixels in the horizontal and vertical direction (e.g. 1024
pixels X 1024 pixels) of the dlSplay or the number of
pixels per inch. The font size is expressed in units called

font size is ten point, the distance to the top of the high--
est character of the font (e.g. the letter “A”), called the
‘ascender distance, plus the distance to the bottom of the
lowest character of the font (e.g., the letter “g”) called

uct of resolution and the font size, for example, if the

~ font size is 6 points and the rcsolutlon is 144 plxcls/mch
the scale is: -

» 144 pixels |
inch

6 point

(72.3 points/inch) = 12 pixels

40
~ that there is a straight line segment for every horizontal
- tangent, vertical tangent, straight line segment, tangent
~of an inflection point and for the tangents at a slope

Rcfcrrmg to FIG. 3, the process of the present inven-

-_tlon is briefly described. At block 50, the input data,
which consists of the control points for each of the

characters of the typeface, is input to the system. At

block 55, the system analyzes this information and de-
- termines from the control points input the frame of the
~ character. At block 60, the coordinates which define

the frame are further analyzed to determine the i Impor-

single convention. However, the process is not limited  tant visual components of each of the characters of the

typeface and the priority or order of importance that

~ these components adjusted to minimize the visual deg-
- radation of the typeface. At block 685, using the frames -

‘of the characters and the analysis of the important vi-
~ sual componcnts, the characters of the typeface are
adjusted using an innovative intelligence scaling

method to produce adjusted frames according to the

“scale desired. The process preserves the important vi-

sual features of the typeface, particularly the consis-

_ tency of the stroke thicknesses, the horizontal alignment
20

of the characters (i.e., the alignment of the Y coordi-
nates of the charactcrs) the proportion of the white

space within a character as well as the total width of the

characters. At block 70, the original control points of
each of the characters are then adjusted to correspond
to the adjusted frames. The adjusted control points are

~ used to control the curve types description to produce
* characters in which the visual dcgradatlon of the type-
- face has becn munmlzed :

. 36“ ANALYSIS OF CHARACTERS OF TYPEFACE

The first step of the process is to determine the frame

| of each character. The object of determining the frame
is to simplify each of the characters to a series of dis-
__ ~crete points which may be analyzcd and modified to
illustrated. Rcfcrnng to FIG. 25 the outside contour of 35

adjust the character. A frame is a collection of poly-

- gons, one for each of the characters contours. These
~polygons are simpler than the original character, yet

they retain the characters’ fundamental visual proper-

ties. The frame comprises a sequence of straight line

segments that follow the shape of the character such

dlscontmulty Utilizing the character shown in FIG. 4q,

the frame is formed by connecting the horizontal tan-
- -gents, 71, vertical tangents 72, tangents of inflection
- points 73, straight line segments of the character ‘74 and
- tangents at the slope discontinuities 75. |

Preferably, the process depicted in FIG. 4b is used to

‘construct the frame of a character. At block 76, a poly-
- gon is constructed by connecting the control points of
- the character in the sequence they are ordered (accord-
- ing to the direction of the frame). At block 80, each
~control point is then assigned the property retained
| pomts, a well known unit in the art of typography. If a 55

(“r”’) or non-retained (“n”). Initially, the control points

- which correspond to the end points of the arc are re-
tained and the remaining points are identified as non-
retained. The retained points are those points which

will be subsequently identified as the frame points.

the descender distance, is ten points in length. One point 60

is equal to 1/72.3 inches. The scale is equal to the prod- "_'polygon by elm:unatmg those control points which are

.not necessary to maintaining the fundamental visual

- The polygon is then simplified into a lower order

~ properties of the character. In a sequence of polygon

|  sides <r-n-n-r>. (typlcally rcprcscntatwc of a Bezier
~ the two non-retained points and the surrounding sides

arc) the central side is deleted, that is the side between

are extended until they intersect one another. The new

- point which occurs at the i intersection of the two sides is
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labeled non-retained. At block 87, in a series of aligned
points, all points but the two extreme points are elimi-
nated. If the sequence contained two or more retained
pomts or if one of its points is an inflection, the remain-
ing points, the two extreme points, are labeled retained.
At block 90, for a sequence of points, <r-n-n...n-r>,
all sides lying between consecutive <n> points are
eliminated and the sides at the ends of the sequence
bounded by <r-n> and <n-r> points are extended

towards one another until they insect. The point of

intersection is labeled retained.

The points remaining after the completion of the
above process are the frame points which form the
frame of the character. FIG. 5 shows the letter “e”
identified by its control points. FIG. 6 shows the frame
for the character It is evident that although the charac-
ter is simplified somewhat, e.g. the edges are squared
and the character 1s drawn as straight line segments, the
important visual characteristics are maintained. Particu-
larly, the relative thickness of certain points of the char-
acter with respect to other sections of the character, the
height and width of the character as well as the relative
angles of various sections of the character are important
visual features which are preserved. |

The frame provides a simplified representation of the
character to perform the subsequent analysis and adjust-
ment operations on. Once the frame has been adjusted,
the adjusted values of the control points of the charac-
ter, which were eliminated when forming the frame,
may be computed from the known geometric relation-
ships between the ongmal values of the frame and the

control points.
For example, FIG. 7 illustrates the three situations

during the above described process for forming the
frame 1n which control points are eliminated. FIG. 7a
illustrates a polygon representation of a Bezier arc. The
three segment arc is identified by points U-M-N-V.
Control point U and control point V are the end points
of the arc. During the process of forming the frame,
control points M and N were eliminated and the line
segments represented by control points U-M and V-N
were extended until they intersected one another at
point O thereby simplifying the polygon to two seg-
ments, U-O and O-V. Using linear transformations, the
adjusted value of control point M may be calculated
using the following equation:

. . . |M— 0]
M=U?*m+0O (l-—tm),m =-'-|-T}—:-5T-
Where M’ is the > adjusted value of M, O’ is the ad_]usted
value of O and U'is the adjusted value of U. N is simi-

larly adjusted using the equation:

[N - O]
N = V'm+0"(l—-m),m_Tﬁ-——5—r
Where N’ is the adjusted value of N, V' is the adjusted
value of V and O’ is the adjusted value of O.
Similarly, FIG. 7b illustrates a series of aligned con-
trol points U-M-V wherein control point M was elimi-
nated during the process of forming the frame. The
adjusted value of M may be computed according to the

following equation:
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|M — O
M=V *m+U?*(] —tm),tm=—'|-i;-:—o—l--
Where M’ is the ad justed value of control point M, U’ is
the adjusted value of U and V' is the adjusted value V.
FIG. 7c illustrates a sequence of points <r-n-n .
n-r> wherein the control points M, N, P and Q be-
tween end points U and V were eliminated and replaced
by a single control point, identified by O, which was
formed by extending segments U-M and V-Q. The ad-

justed values of the control points eliminated may be
calculated using linear transformations. For example,

the adjusted value of control point M may be calculated
according to the following equation:

Vx — Ox Vy -— O’y
M =[MM,] = [MM) x| Uz—Ox Uy~ 0,
Ox Oy

Where Mu and Mv identify the location of the control
point relative to control points U and V, V'yand V'yare
respectfully the adjusted X and Y coordinate values of

V, Uy and U’y are respectively the adjusted X and Y

coordinate values of U and O’yand O’ yare respectively
the adjusted X and Y coordinate values of O.

Control points N, P and Q may be similarly calcu-
lated by substitutions of the control point coordinate
values for the values of M in the above equation.

The innovative adjustment process of the present
invention is then apphed to the frame points to adjust
the characters and to insure that the relative heights and
widths of the character and visual relationships which
the user perceives are maintained for any given scale.

Analysis is performed on each frame to further sim-
plify the characters by determining the important visual
features to preserve and to break down the frame into a
plurality of visual components which are prioritized.
The visual components determined are subsequently
adjusted according to the priority to minimize the visual
degradation of the typeface.

The process of determining the important visual fea-
tures of each character is briefly described in the flow
chart of FIG. 8. The frames of the characters are sepa-
rately analyzed in the horizontal and vertical directions
to determine the important visual components and pri-
ority importance during the subsequent adjustment
process.

At block 100, the frame points are first examined to

‘determine the X master coordinates. An X master coor-

dinate is defined as those X coordinates of the frame
points which are important to the visual presentation of
the character. .

Once the X master coordinates are determined, at
block 105, the X master segments are formed. These
segments are formed in the vertical direction using the
X master coordinates. At block 110, X strokes are
formed by pairing X master segments. At block 115, the
X main street 1s determined, comprising the most impor-
tant visual elements of the character with respect to the
X coordinates.

The Y coordinates are similarly analyzed. At block
120, the Y master coordinates are determined. Using the
Y master coordinate, at block 125, the Y master seg-
ments are formed, at block 130 the Y strokes are formed
and at block 135 the Y main street is determined. Once
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the analysis is complete, the important visual compo-
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nents of the characters—the master points, master seg-
ments, strokes and main street-—are determined. The
- priority of the components corresponds to the order in -

which the components were determined, the main street
-havmg the highest priority and slave points, those frame
points which are not master pomts havmg the lowest -

priority.
The analysis of the frame to determine the lmportant
visual components will now be described in detail. As

stated above, the X master coordinates are first deter-

coordinate is demgnated at each X coordinate of a frame
point which is an X extreme or local extreme. For ex-

ample, in the character “F”, X extremes exist at the far
- right and far left of the top horizontal line and a local X
extreme exists at the far right of the lower horizontal

line. The right end of the lower horizontal line is a local

extreme because the line does not extend as far right as
the top line but in that local area of the character it

9 .
The direction of the segment is used to describe the
color of the segment and corresponds to the convention

‘used. Segments representing a portion of the curve of a

character inherit the properties of the curve; therefore

‘the segments representing a portion of the curve inherit
‘the in/out property of that portion of the curve. In
accordance with the contour convention described
o prewously, an X segment has an “in” color if it is ori-

- ented in the positive or up dlrectlon and has an “out”

10

color if it is oriented in the negative or down direction.

" In addition, the X master segments are examined in the
mined. Referring to FIG. 9z at block 300 an X master

order of increasing coordinates, that is, the segments

- would be examined from the left, where the lower coor-
- dinate values are located, to the right where the higher

44

‘coordinates values are located. Thus, two segments

- would be opposing if the first stroke examined has an

3 ss 59

color and the seconcl stroke has an “out” color
The in/out segments must vertically overlap one

~ another for a distance such that the combination of the

20

extends the furthest to the right. The extremes form the
- limits or edges of the character which is an important

~ visual feature, since it dictates the height or width of a

character or a portion of a character.

At block 310 an X master coordinate is also demg-
nated at an X coordinate of a frame point if that frame
point is an end point of a vertical or almost vertical line

25

two segments forms a visually recognizable stroke. It is

preferable that the existence of a stroke be determined

according to the ratio of the distance the segments verti-

cally overlap to the distance between segments. If a
stroke ratio is greater than or equal to 1:1 it is consid-
' ered a stroke and if it is less than 1:1 the two segments
do not form a strike. The segments vertically overlap

- one another if the Y minimum coordinate value of each

of the frame. An almost vertlcal line is a line in whch |
may be visually perceived to be vertical. Preferably an

- almost vertical line has a range of 1:5 to 1:20.
Those coordinates which are not X master COOI‘dI-

nates are designated an X slave coordinate and are the

lowest priority visual component of the character.

At block 315, X master segments are then formed gtrokes may best be explained through illustration. Re-

using X master coordinates. An X master segment is
formed starting at each X master coordinate and ex-

tending vertically in an upward and downward direc-

tion. Each end of the segment extends away from the
frame point corresponding to the X master coordinate
point until each end of the segment is a predetermined

horizontal distance away from the side of the frame

which extends in the upward direction away from the

segment is extending in the upward direction or theside  if the segments vertically overlap one another. The
45
' minimum Y coordinate value of the X; segment, Y3, is
| fless than the maximum Y coordinate value of the oppos-

©of the frame which extends away from the X master
point in the downward direction, if the end point of the

master segment extends in the downward direction.

This predetermmed distance is approxnnately one-half

the maximum pixel size that will be used to generate the ~value of the X2 segment, Y3, is less than the maximum Y

-typeface In practice the minimum number of pixels per
unit as defined by the sum of ascender and descender

preferred that the predetermined distance is in the range

30

‘segment is less than the Y maximum coordinate value of
the opposing segment. The amount of overlap is equal

to the smallest Y maximum value of the two segments

- minus the largest Y minimum value of the two seg-
- ments. |

35

‘The palrmg of X master segments to form X master

ferring to FIG. 10a, six segments are shown, located at

X coordinates X)~X¢. To determine which X master
- segments form strokes, the X master segments are exam-
‘ined from left to right to attempt to pair Opposmg seg-

ments. Therefore the master segment X; is examined

‘with the master segment at X3. The master segment at

- Xjhas an “in” color and the master segment at X; has an

. - “out” color. Therefore the segments oppose one an-
master coordinate point, if the end point of the master

50

of 0.01 to 0.02 of the distance defined by the sum of the

~ascender and descender heights. These segments repre-
sent a further s1m;:hﬁcatlon of the xmportant visual
features of the character.

As set forth in block 320, the X master segments are

paired aooordmg to certain rules to form strokes. In

typography, a stroke is known as the kind of shape

produced by a pen or a brush when moved along a
rectilinear or shghtly curved trajectory. In the system_

mary visual elements of the characters and are the ele-
ments that are most important in the adjustment pro-

55

other. The segments are further examined to determine

segments do vertically overlap one another because the

“ing (X3) segment, Y¢, and the minimum Y coordinate

coordinate of the opposing (X;) segment Y:r The

" amount of vertical overlap equals |
heights of a typeface is approximately 10. Thereforeitis

MIN (73 m-mx (n rs)u(rs—ra) o

'.Where MAX and MIN are functlons wh:ch respec-

tively determine the maximum and minimum of the
values. Vlsually it can be seen that the ratio of the
amount of vertical overlap to the distance between
segments is greater than 1:1: therefore the segments at

X1 and X5 form a stroke.

- The segments at X3 and X4 do not form a stroke be-

- cause the segments do not fulfill the requirement for
of the present invention, the strokes represent the pri-

65

cess. An X stroke is found where two segments verti-

cally overlap one another for a distance sufficient for

“the visual definition of a stroke.

opposing segments that first segment examined, the left
segment, has an “in” color and the second or right

segment has an “out“ color. Similarly the segments at

X4and Xsdo not form a stroke because the segments are

not opposite in oolor ancl therefore do not Oppose one
o _another The final palr of segments analyzed Xs and X,
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do not form a stroke because the amount of vertical
overlap is so small that the stroke ratio is less than 1:1.

At block 330, FIG. 94, the X main street is con-
structed. The X main street comprises non-horizontally
overlapping, strong X strokes. Each stroke is classified 5
as a strong stroke or as a weak stroke. A strong stroke
will be evaluated prior to and will have priority in the
adjustment process over a weak stroke because it has a
greater visual impact on the viewer and is more discern-
able by the viewer. Preferably a stroke is a strong stroke
if the stroke ratio is greater than or equal to 1.5:1. If the
stroke ratio is less than 1.5:1, the stroke is classified as a
weak stroke.

The strokes are evaluated in order of length such that
if two strokes horizontally overlap, the longer stroke
will be on X main street. The X main street reflects the
most important visual elements of the character with
respect to the X coordinates; therefore, the strokes on
main street will be the first elements to be adjusted in
the horizontal direction in order to minimize the visual
degradation of the typeface. Referring to the example
illustrated in FIG. 10q, the stroke formed by the seg-
ments at locations X; and X3 is part of X main street
because the stroke is a strong stroke and does not hori-
zontally overlap a longer strong stroke.

The Y coordinates of the frame points are analyzed in
a manner similar to the analysis of the X coordinates of
the frame points. Refernng to FIG. 9, at block 340a Y
master coordinate is designated at a Y coordinate of a
frame point which is a Y extreme or a Y local extreme.
At block 345 a Y master coordinate is also designated at
a Y coordinate of a frame point if that frame point is an
end point of a horizontal or almost horizontal line of the
frame. Preferably an almost horizontal line has a range
of 5:1 to 20:1.

At block 350, Y master segments are formed from Y
master coordinates by extending horizontally away
from the frame point corresponding to the Y master
coordinate in a direction to the right and left of the
frame point. The end points of the segment extend until
each end of the segment is a predetermined vertical
distance away from a side of the frame which extends in
the right direction away from the master coordinate if
the end of the segment extends to the right, and the side
of the frame which extends away from the Y master 45
coordinate in the left direction if the end point of the Y
master segment extends to the left.

At block 355, Y strokes are formed from two oppos-
ing Y master segments which horizontally overlap one
another for a distance sufficient for the visual definition 50
of a stroke. The segments are examined in order of
increasing Y coordinates (i.e. bottom to top) and, in
accordance with the contour convention described
previously, a Y segment has an “in” color if its direction
is to the left, and an ‘“‘out” color if its direction is to the
right. The two segments are opposing if the bottom
segment has an “in” color and the top segment has an
- “out” color. The segments horizontally overlap one
another if the X minimum coordinate value of each
segment is less than the X maximum coordinate value of 60
the opposing segment. The amount of overlap 1s equal
to the smallest X maximum value of the two segments
minus the largest X minimum value of the two seg-
ments.

FIG. 105 illustrates the process of forming Y strokes.
Five Y master segments are located at Y coordinate
locations Y1-Ys5. To determine which Y master seg-
ments form strokes, the segments are examined from the
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bottom Y master segment Y1 to the top Y master seg-
ment Ys. The segments at location Y; and Y are first
examined to determine whether the segments oppose
one another. The first segment at location Y is an “in”
segment, but the second segment at Yz 1s also an “in”

segment and not an “out” segment as is required to form

‘opposing segments. Therefore, the next possible pairing

of Y master segments at location Y3, Y3 is examined.
The segments oppose one another because the Y master
segment at location Y; is an “in” segment and the Y
master segment at Y3is an “out” segment. The segments
are now analyzed to determine if the segments horizon-
tally overlap and if the segments horizontally overlap,
the amount of overlap. The segments horizontally over-
lap because the X minimum, X3, of the Y master seg-
ment at location Y, is less than the X maximum, X4, of
the Y master segment at location Y3 and the X minimum
X1, of the segment at Y3 is less than the X maximum Xo
of the segment Y2. The amount of horizontal overlap 1s
equal to: -

MIN(Xs, X7)—~MAX (X3, Xj)=(X7—X3).

Since the distance (X7—X3) is much greater than the Y
distance between segments (Y3—Y3), the stroke ratio is

- greater than 1:1 and the Y master segments at locations

Ys and Y3 form a stroke.
The Y master segments at locations Y4 and Ys are

then analyzed to determine if the two segments form a

stroke. The segments form a stroke because the segment

at Y4 has an “in” color and the segment at Ys has an
“out” color, the segments horizontally overlap one
another and the amount of overlap (X4~ X3) 1s larger
than the distance (Ys—Y4) between segments that the
stroke ratio is greater than 1:1. -
After the Y strokes are determined, at block 360,
FIG. 9b, the Y strokes are examined to determine which
strokes form the Y main street. The Y main street com-
prises non-vertically overlapping, strong Y strokes.
Each Y stroke is classified as a strong stroke or weak
stroke, the strong stroke having a greater visual impact
on the viewer. The strokes are evaluated in order of
increasing length such that if two strong strokes verti-

| cally overlap, the longer stroke will be part of the Y

main street. The Y main street reflects the most impor-
tant visual elements which respect to the Y coordinates
and will be the first elements adjusted. Referring to the
example in FIG. 105, the stroke formed by segments
located at Y4 and Ysis a strong stroke but overlaps with
the strong stroke formed by segments at locations Y4
and Y¢. Therefore, only longer stroke, the stroke
formed by segments Y4 and Ys, will be part of the Y
main street.

TYPEFACE ADJUSTMENT PROCESSES

Once the characters of the typeface have been ana-
lyzed, to determine visual components which form the

character and the priority of important of the compo-

nents, the typeface is adjusted to minimize the visual
degradation of the typeface. The frame coordinates are
adjusted in order of importance, as dictated by the pri-
ority of the visual components determined during the
process of analysis of the character, and are adjusted by
three processes, referred to as the horizontal, vertical
and diagonal adjustment processes. The horzontal ad-

justment process adjusts the X coordinates of the frame

points describing each character and the vertical adjust-
ment process adjusts the Y coordinates of the frame
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‘points. The diagonal adjustment process adjusts the

ter.

frame points forming the diagonal strokes in the charac-

As will be apparent from the followmg descnptlon :

the adjustment of the characters of the typeface is opti-
mized when all three processes are used together on the

same set of frame points, howcver, these processes may

be performed singularly or in con_]unctmn with other

methods of adjustment and still ; improve the visual char-

actcnstlcs of the characters of the typeface.

‘The horizontal adjustment process will first be dc-
scribed. In the horizontal adjustment process, the total
width of the character, the thicknesses of strokes within

16

| pnonty At block 535, the smallest valuc 1is adjustcd
according to the following equation:

. -A[O]:R(V[O]'S).. |

-. Where Risa roundmg functmn which sunply rounds

- the value to the nearest grid position and § is the scale
~ of the typeface. B[O] is set to 1 to indicate that the first
- element, which is the smallest value of all the values in

10

the array V, has been adjusted. The index for the array,

-k is set to If0]. 1[0] contains the index which pomts to
- the next lowest value (V[K]) i in pnonty

a character and the thicknesses of strokes as related to

the stroke thicknesses of other characters of the type-

face are mportant wsual featurcs that are desuablc to

preserve.

Frequently during the adjustmcnt process it is neces-;

sary to adjust an off grid coordinate to the nearest grid,
that is pixel, position. This may be accomphshed by

sunply rounding the coordinate value to the nearest grid

position. Simple rounding presents divergence and con-
‘vergence problems. Divergence problems occur when

two different coordinate values, no matter how closein

distance, will be rounded to different grid posmons for

certain scales. Inconsistent convergence occurs when

two different coordinate values round to the same grid
position at a given scale and to a different grid position
at a smaller scale. This is visually undesirable because
30
o -thrc Risa functlon which rounds the value in the
To avoid these problems, an innovative process, hcre-

the visual dlffcrcnces should decrease as the scale de-’
creases. -

20

-The ad_]usted value of V[k] is then calculated. At
block 545, m is set to equal k—1. A search is then initi-
ated starting at array element B[m)] and continuing by

~decreasing the index m of array B until an element,

B[m], equals one. Thus, the array- value V[m] is the
largcst adjusted value that is smaller than V[k]. At block

-850, r is set to equal k+1. A search is initiated startmg
at array element B(r) and contmmng by increasing the

“index of array B until B[r]=1 or r=n. If rs£n, (that is,

- avalue B[r]=1 has been found), then V|[r] is the smallest
~ adjusted value that is larger than V[k]. If r=n, all ele-

25

~ ments of array B havmg an index value greater than k
‘have been searched and no values in array \'4 whxch are

~ greater than V[k] have been adjusted

inafter referred to as the limited divergence process, is

used to adjust off-grid coordinate values and off grid
distances. The limited divergence process adjusts the

values in the order of decreasing priority so that the
adjustment of the higher priority values influence the

adjustment of the lower priority values. |
Referring to FIGS. 11a and 115, the limited diver-
gence process is herein described. At block 500, an

array V of n elements is formed contauung the valucs to =
be adjusted. The number of elements in the array, n, is -
equal to the number of values to be adjusted. The values

are organized in the array in the order of increasing

45
‘that is. lower in pnonty If Ik} is not equal to —1, the

Pprocess continues again at starting block 545 and pro-

values. At block 505, a second array P is formcd which
‘corresponds to array V and contains the priority order

of the values stored in V such that P[i] contains the

pnorlty order of the value in V[i]. The priority of the
value is dependent upon the number of times the value

occurs in the group of values. Thus, in a group of val-

ues, the values which occur more frequently are as- -
signed the lugher priorities. At block 515, a third array' .
B of n elements is formed. Initially, the bit values in the

 third array B are set to zero. Once a value V[l] is ad-

justed, the corrcspondmg array element B[i] is set to

55

one. At block 520 a fourth array A of n elements is

formed, which corresponds to the a.rray \4 and contams .

the adjusted values.

At block 525, a fifth array I is formed which corre-

sponds to the first array V and contains the index of the
value priority is immediately lower than the priority of -

60

the value currently being adjusted. The element of the
- array I which corresponds to the lowest priority valuie
~ thicknesses are input to array V in order of increasing

contain a value equal to —1 to mdzcatc that there are no
~ lower priority values. O
In order for the process to work accurate]y, the

65

~ value of V[k] i 1 cqual to .
35

 Ifr=n then the adjustcd va.lue of the value r[k]

. ATk} = A[m) + R(VIK]— V[m])“‘S)

parenthesis, (V{k] —V[m])*.S), to the nearest grid posi-
tion and S is the scale. If r7n, B[r] = | and the adjusted

A[k]—AIMHR((A[M- .
]a)'(V[k] V[M])/ (Mr]- V[m])).

Oncc the ad_]usted value, Alk], has becn computed at

block 565, the corresponding bit value which indicates
that the value has been adjusted, B(k), is set to one and
“at block 570, k is set to equal the value I[k] which sets

the index k to the index of the value in V that IS next

- lowest in prmnty If I[k] is equal to —1 then the adjust-

ment process is complctc because there is no valuein V

ceeds in a loop from blocks 545 to 575 until I[k]= - 1.
At the completion of the limited divergence process,

‘array A contains thc adjusted values of thc values

storcd in V.
The honzontal adjustment wﬂl now be de:scnbcd

; referring to the flow chart depicted in FIG. 12. In the
~ horizontal adjustmcnt process, the thickness of the X

strokes is an important visual element. ‘Therefore at
block 400, the thicknesses of all the X strokes in the

| typcface are globally adjusted (adjusted relative to all
- the X strokes in the typeface) so that size relationships
~among the stroke thicknesses are maintained thereby

‘regularizing the strokes. Preferably, the stroke thickness
are adjusted relative to both the x and y thickness of the
typcfacc The local divergence process is used to glob-
ally adjust the X stroke thicknesses, wherein the stroke

magmtudc and the priority is set accordmg to the fre-

- -quency each stroke thickness occurs in the typeface.

smallest value must be adjusted first. Therefore at block

530 the priority of the smallest value is set to the highest

Once the X stroke thicknesses are globally adjusted,

'-thc highest pnonty vnsual component, the X ‘main
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street, 1s adjusted. The thickness of the strokes on X
main street have been adjusted; therefore, at block 420,
the X white space between the X main street strokes are
adjusted, which determines the relative placement of
the X main street strokes within each character.

The white distances are adjusted locally, with respect
to the total width of the character. The global adjust-
ment of the X main street stroke thickness may cause
the character to either increase or decrease in total
width. Since the width of a character is an important
visual feature, it is desirable to maintain the original
width of the character. The width of the character
comprises the thicknesses of strokes and the X white
space. Thus to maintain the original width of the char-
acter, any distortion in total width caused by the adjust-
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ment of the strokes is absorbed by adjusting the X white -

space. For example, if the stroke thickness as adjusted
increase the total width of the character, the total X
white space is decreased in order to compensate for the
increase in width. The X white space is first scaled by a
white space scale factor. The white space scale factor is
calculated according to the following equation:

Width — Stroke’
- White

Where “Width” is the total original character width,
“Stroke” is total adjusted stroke thicknesses on X main
street and “White” is the total original X white space.

The scaled X white space is then adjusted using the
limited divergence process described above in order to
preserve the symmetry of the size of the X white space
within each character. | |

Although the thicknesses of the strokes are globally
determined, the adjustment of the location of those
strokes within the character is determined locally. At
block 415, the placement of the strokes, that is the frame
points of the strokes, within each character is simply
determined according to the adjusted X white space.
For example, if a character consisted of 3 X main street

strokes X1-X> X3-X4 and Xs-X¢ and strokes X;-X3 and

X3-X4 are separated by X white space W and strokes
X3-X4 and Xs-X¢ are separated by X white space W,
the relative location of stroke X;-X, would be at the far
left of the character and the relative location of stroke
X3-X4 would be equal to the adjusted thickness of

20
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stroke X1-X> plus the adjusted X white space W;. Simi- 45

larly, the relative location of stroke Xs-Xg would be
equal to the sum of the adjusted thickness of stroke
X1-X2, the adjusted X white space W}, the adjusted
thickness of stroke X3-X4 and the adjusted X white
space Wj.

After the X white space has been computed and the
adjustment of the frame points of the X main street
strokes is complete, referring to FIG. 12, block 425, the
frame points which form the strokes not on X main
street are adjusted. The weak strokes and overlapping
strokes which did not make it on main street are aligned
with the closest main street side and the other side is
computed given the globally adjusted thickness of the
stroke. The strokes are adjusted according to the fol-
lowing process hereinafter referred to as the “relative
adjustment process”. Referring to FIG. 134, locations
X4-Xs, X1-X3 and Xo-X0, identify strokes on X main
‘street, Xo-X7 and X7-Xg identify the strokes which did
not make 1t on X main street and X6 identifies the loca-
tion of a coordinate which was not used to form a
stroke. The relative adjustment process is described
using stroke X7-Xgas an example. First, it is determined

which side or segment which forms the stroke X+-Xgis

50
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closest to a side or segment of a stroke on X main street.
Therefore, in the present example the distance between
the segments at locations X7 and Xs and the distance
between the segments at locations Xg and X are com-
pared. As can be seen from FIG. 13a, the distance be-
tween Xg and Xo is much shorter than the distance be-
tween Xsand X7. Therefore, the side X3 is the segment
closest to the closest main street side and is adjusted
relative to the segment at location Xg of the main street
stroke Xo-X;0. X3 is adjusted using the following equa-
tion:

Xg'=Xo'— R((| Xo—X3|)*Ss9)

where R represents the function of rounding the value
to the nearest grid point, Xo' is the adjusted value of Xg
and Ssg1s the scale factor between the segments at loca-
tions identified by Xs and Xg. The scale factor functions
to proportionality adjust the distances between adjusted
main street strokes thereby maintaining the relative
distances between main street strokes and non-main
street strokes and master coordinates and main street
strokes. Thus, the scale factor for the present adjust-
ment calculation is equal to:

(Xy" — X5)
AR T R

Wherein Xs and Xs' are respectively the value and ad-
justed value of the location of the closest X main street
stroke side on the one side of the segment to be ad-
justed, X9 and Xo' are respectively the value and ad-
justed value of the location of the V is the closest X
main street stroke side on the other side of segment to be
adjusted and S is the scale of the typeface.

Once the coordinates of the first segment of the
stroke, in the present example Xg, are adjusted, the
coordinates of the other segment of the stroke, X9, are
simply adjusted according to thickness of the stroke
which was globally adjusted. Thus, in the present exam-
pie, X7 is equal to the adjusted value of Xg minus the
adjusted thickness of the stroke.

Referring again to FIG. 12, block 430, after the
non-X matn street strokes are adjusted, the master coor-
dinates of master segments which did not form strokes
and the master coordinates which did not form master
segments are adjusted. Each X master coordinate is
aligned with the closest segment of an X main street
stroke and the distance is rounded to the nearest grid
position. The segment of an X main street stroke which
1s closest to the master coordinate is first determined.
Referring to FIG. 13a master coordinate Xgis closest to
the segment at location X5 of main street stroke Xa—Xs.
Thus, adjusted value of Xg is equal to:

X6 =X5'+ R((X6—X5)Ss9).

Where X' is the adjusted value of Xs. The scale factor
Ss9 1s again used because X is located between the
segments at locations Xs and Xg of strokes X4-Xs and
X9-X10 _

At block 435, FIG. 12, after all the master coordi-
nates have been adjusted, the slave coordinates (i.e.,
those frame coordinates that are not X master coordi-
nates) are adjusted. The slave coordinates are propor-
tionately adjusted relative to the two adjacent master
coordinates with respect to the frame. For example,
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referring to FIG. 13b slave ccordmate X1 is adjusted ”tremes in a certain regton reflecting, fcr example, the
relative to master coordinates Xp and X; which are  top of upper case characters to be part of a single clus-
clcsest or adjacent to the slave coordinate X; respec-  ter. Preferably the predetcrmmed distance may be
tively in the clockwise and counter clockwise direction - wjthin range of value within the range of 0.005 to 0.01
along the frame. The adjusted value of the slave °0°fd1' 5 of the sum of the ascender height and descender height

nate X is equal to: | | ~ ofthe typeface Most coordinates representing the top
- . extremes of the characters lie wnhm a sma]l quanttty of

X' = Xo' + f* (X2’ — Xo) | - clusters.
X, - Xo | _ : 1'0 At block 652, some of the tOp clusters are then identi-

f= - | fied as important top clusters. The important clusters
| ~ are subsequently utilized as the reference points for

_ adjusting the verttcal coordinates of the characters. A
n\:’f;r;oxom;( ;{:r ¢ the ad_]usted values of master COOl'dl ~ top cluster is an important top cluster if: (1) it is the

The vertical adjustment process is performed on the' (s ‘extreme top cluster of all the clusters or (2) the number
frame of the character to adjust the Y coordinate values ~ ©f top extremes which comprise the cluster is greater
of the frame points. In the vertical adjustment process _than orequaltoa predetermmed percentage of the total
the upper and lower vertical extremes of each character number of top extremes which identify the tops of the

~ (that is the tops and bottoms of charactcr) thh respect characters and contain a predetcrmmed minimum per-

. centage of the number of top extremes found in the

to the entire typeface is considered to be an important 20
visual feature. Therefore it is desirable to maintain the < largest or most important top cluster. Preferably an

height of each character and the vertical relationships  important cluster must contain 10 to 20% of the total
among the characters in the typeface. It has been found =~ number of top extremes and at least 20 to 30% of the
that, in general, the tops and bottoms of the characters ~ number of top extremes in the largest top cluster.

are visually in alignment with tops and bottoms of other __ At blocks 655 and 657, the lower vertical extremes

-characters of the typeface. For exatrmle, the top of most _25 (bottom extremes) of the characters of typeface are
upper case characters are located in the same region.  evaluated to determine the bottom clusters and the
Similarly, the tops of most of the lower case characters important bottom clusters. The clusters are determined
are Jocated in the same region. It has also been found ~ using the same process that was used to determine the
that in many cases the local extremes of characters 30 tOP clusters. A bottom cluster is a set of consecutive Y
typically align with the extremes of other characters of * coordmate values of bottom extremes wherein no two

the typeface. This is illustrated in FIG. 14. The top of  consecutive Y coordinate values are more than a prede-

the circular portion 600 of the lower case “b” is a local termined distance apart. The predetermined distance

extreme for that portion of the character. The top ex- used to determine if two bottom extremes are part of the

treme of the character “b” is at the top of the long 35 same cluster is preferably a value within the range of

vertical portion 605. It can also be seen that the Y0P " 0.005 to 0.01 of the sum of the ascender height and

local extreme 600 in the character “b” is somewhat in ~descender height. Following the above guidelines for

vertical alignment with the top extreme of the lower o forming clusters, most Y coordinates values corre-
case character “o0” 615. B ’

| ~ sponding to the bottom extremes of characters he
The vertical adjustment process of the present inven- 40 Within a small number of clusters.

tion utilizes the above observations with respect to the "
" Atblock 657, the i unportant bottom clusters are deter-
vertical alignment of the characters in the typeface. The mined. A bottom cluster is an important bottom cluster

top and bottom extremes of the character are evaluated - if: (1) it is the extreme bottom cluster of all the clusters

separately. Therefore any adjustments perfcrmed are
‘performed relative to “like” data; e.g. a top segment of . -?; e(ﬂut :t:rnmtg ?;:LOE. izt;:ﬂ? :V ;‘:ﬁﬁf;‘:nn:;
- acharacter is adjusted relative only to the top extremes percentage of the total number of the bottom extremes

of other characters in the typeface and a bottom seg- - d the ol 3 bt
ment of a character is adjusted relative only to the bot-  and the cluster contains a pre etermined minimum per-

tom extremes of other characters in the typeface. Wher- centage of the number of bottom extremes found in the
ever possible a Y segment is adjusted using the Y align- largest or most important bottom cluster. Preferably an

‘ment process described below which aligns- the segment 50 unportant cluster contains 10 to 20 % of the total num-
with the Y regions defined by thc extremes of the char- ~ ber of bottom extremes and at least 20 to 30% of the

acters of the typeface. number of bottom extremes m the Iargest bottcm clus-
Referring to FIG. 15, at blcck 650 the characters in ter.
the typeface are evaluated to determine the Y coordi- Once the mportant top and mPortant bottom clus- |

nate regions or “clusters” where the upper vertical 55 --ters are formed, the Y master segments can be analyzed
extreme (i.e. top extreme) of all the characters in the  t0 determine if the Y coordinates of the the master

typeface lie. The top clusters are determined by examin- ~ Segments can be adjusted using the Y alignment adjust-
ing the Y coordinate values where the top extremes of ~ ment process.. In order for a Y master segment be ad-
the characters occur and calculating the distance be-  justed using the Y alignment process, the segment must:
tween the Y coordinate values. A cluster is a set of 60 (1) be black convex and lie within an important cluster
‘consecutive Y coordinate values wherein no two con- . of the same type or (2) be the top extreme segment or
'secutive Y coordinate values are more than a predeter- bottom extreme segment of the character.

‘mined distance apart. Thus if a Y coordinate value ofa A segment is black convex if it is a top extreme or
top extreme is more than the predetermined distance  local top extreme and the segment has an “out” color
apart from any other top extreme, a cluster comprising 65 direction or if the segment is a bottom extreme or local
one top extreme is formed at that Y coordinate value.  bottom extreme and has an “in” color. An example of a
The predetermined distance indicative of a cluster ~ segment which is black convex is the top extreme of the
should be large enough to cause the majority top ex-  character “O”. The alignment of black convex seg-
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ments is a distinctive visual feature of the characters
that is desirable to preserve.

‘The black convex segment must also be within a
cluster of the same type. Thus bottom segment must lie
within an important bottom cluster and a top segment
must lie within an important top cluster. A segment is a
top segment if it has an “out” color. Similarly, a seg-
ment is a bottom segment if the segment has an “in”
color.

The Y alignment adjustment process performs a rela-
tive adjustment of the Y coordinates to preserve the
visual differences in horizontal alignment among the
characters in the typeface, for example the height of
characters, when such a difference can be accurately
expressed using the available resolution of the display
device, and to eliminate the differences when the reso-
lution becomes to coarse. The process takes into ac-
count the fact that most extremes and local extremes of
the same type vertically align into the same regions.

Refernng to the flow chart of FIG. 16, the Y align- 20

ment process will herein be described. At block 700, the
important Y coordinate value YIMPT the important

cluster the segment lies within is determined. YIMPT is

equal to the extreme top coordinate value, if the cluster
Is a top cluster, or the extreme bottom coordinate value
of the cluster, if the cluster is a bottom cluster. At block
705, YIMPT is rounded to the nearest grid position to
produce YIMPT'. At block 710, the distance *“d” be-
tween the segment in the important cluster and YIMPT'

1s determined. At block 715, the limited divergence 30

process 1s used to adjust the distance d. The values of all
the distances “d” between the segments to be Y aligned
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and the corresponding YIMPT" values are input to the

limited divergence process in order that the visual rela-

tionships among the Y segments are maintained after
adjustment. At block 720, the adjusted Y coordinate
- value of the segment is computed. If the segment is a top
segment the adjusted Y coordinate value is equal to
YIMPT —d'. If the segment is a bottom segment, the
adjusted Y coordinate value is equal to YIMPT' +d’.

FIG. 18 and the flow chart of FIG. 17 will now be
referenced to illustrate vertical adjustment process.
Clusters Yo-Y: and Y3~Ys are bottom important clus-
ters and clusters Yg-Yo, Y12-Y14 and Y17-Y g are top
important clusters. Assume, for the purposes of illustra-
tion, the top segment of each stroke has an “out” color
and the bottom segment of each stroke has an “in”
color. Strokes Y>-Y4, Y6-Y4, Yi1~Yi3 and Yis-Yi¢
contain segments which are black convex and Y>-Yy,
Ys6~Y7, Y11~Y13, and Y15-Y ¢ are strokes on Y main
street. |

At block 665, the thicknesses of the Y strokes are
globally adjusted using the limited divergence process.
Preferably the Y strokes are globally adjusted relative
to the X and Y strokes of the typeface. At block 667, the
values of “d” the distance between a segment to be
adjusted using the Y alignment process and the YIMPT’
of the cluster the segment lies within, are globally ad-

justed using the limited divergence process. The top
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‘the stroke is adjusted according to the adjusted thick-

ness of the stroke. Similarly the top extreme segment
Y6 of stroke Yi5-Yi¢ 1s adjusted to cluster Yi9-Yis
using the Y alignment process and the segment Y15 is
adjusted according to the adjusted thickness of the
stroke. Once the Y coordinates of the top and bottom
extremes are adjusted, the Y main street is adjusted.

At block 670, the segments of Y main street strokes
which are black convex and within an important cluster
of the same type are adjusted using the Y alignment
process.

At block 675, if a segment of a stroke was adjusted by
Y alignment, the other segment which forms the stroke
is adjusted according to the adjusted thickness of the
stroke. Thus, if the adjusted side is below the other side
of the stroke, the other side of the stroke is adjusted by
adding the adjusted thickness of the stroke to the ad-

justed Y coordinate value of the Y aligned stroke. Simi-

larly if the fadjusted side is above the other side of the
stroke, the stroke is adjusted by subtracting adjusted
thickness of the stroke from the adjusted coordmate
value of the aligned stroke.

- In the example illustrated in FIG. 18, segment Y3 of
Y main street stroke Y11-Y3is black convex and within
important cluster of the same type Y12-Y14. Therefore
the Y frame coordinate of the segment Y3 is adjusted
using the Y alignment adjustment process. The other
segment which forms the stroke, Y11, is adjusted ac-
cording to the adjusted thickness of the stroke.

The remaining Y main street strokes are adjusted
using the Y white space. Therefore the Y white space
needs to be adjusted. At block 680, those white spaces
between the adjusted Y main street strokes and unad-

- justed main street strokes are adjusted. The Y white
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space is first scaled by multiplying the white space by
the white scale factor which is equal to:

¥Ydist — Stroke’
White

Where Ydist 1s the original total Y distance from the
bottom to the top of the character, Stroke’ is the total
thickness of the adjusted strokes and White is the total
original Y White space.

The scaled Y white space is then adjusted locally,
using the limited divergence process described earlier in
this document. However, it is necessary to scale only
the Y white space to be used in order to adjust the
strokes. If N number of strokes are contained between
two fixed positions, then N+ 1 white spaces bound the
sides of the strokes and only N white spaces are needed
to position the strokes. All the Y white spaces but the
largest Y white space are adjusted because the largest Y

- space 1s visually the least sensitive to a change in dimen-

55

and bottom extremes are an important visual element of 60

‘each character, therefore, at block 669 the segments
which are the top and bottom extremes of the character
are adjusted using the Y alignment process. If the Y
segments are part of a stroke, the other segment of the
stroke is adjusted according to the adjusted thickness of
the stroke. For example, referring to FIG. 18, the bot-
tom extreme segment, Y», 1s adjusted to cluster Yo-Y;
using the Y alignment process. The other segment Y4 of

65

sion. By default, the largest white space will then be
equal to the difference of the total Y distance and the
sum of the adjusted stroke thicknesses and Y white
space.

At block 685, the strokes on Y main street which
could not be adjusted by Y alignment are ad_]usted rela-
tive to the adjusted strokes and Y white space, usmg the
relative ad_]ustment process described earlier in this
document. Thus, in the example shown in FIG. 18, Y
main street stroke Ye¢-Y7 1s adjusted. First it is deter-
mined that segment which forms the stroke, Ygor Y7, is
closest to an adjusted main street stroke. In this exam-
ple, the distance between Y1 and Y7is compared to the
distance between Yg and Y4. Because the distance be-
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tween Yg and Y 1s less than the distance than betwccn

stroke side Y4 using the following calculatxon

Y6'= Yo' +R((Y6— Ya)*S411)

where Y’ is the adjusted value of segment Y4 and S411

1s the scale between main street segments Y4 and Y.
The other side of stroke Y4, is adjusted by adding the
adjusted thickness of the stroke to thc ad_]usted value of -
Y¢.

24

“not be too big that it encompasses a larga number of

Y7 and Y1) the stroke side Y¢ will be aligned relative to  diagonal segments, but the range should not be so small

but that the groups only include those segments that are
parallel. Preferably the diagonal lines are grouped in

- ranges which vary from 10 to 20 dcgrees ‘Most prefera-

| bly the lines are grouped together in 10 degree ranges.

At block 760, the diagonal lines are rotated so that

_they appear as vertical lines. To rotate the lines, the

10

~ Onceall the strokes on Y main street are ad_mstcd the
segments of the strokes which did not make iton Y main

street are adjusted. Referring back to FIG. 175, block

690, the segments of strokes not on Y main street, which

same type, are adjusted using the Y ahgnment adjust-

ment process. Similarly, at block 691, the segments
~ the same rcqmrcmcnts for forming X strokes discussed

which form the other sides of the strokes are adjusted

according to the ad_]usted thickness of each stroke.

At block 693, the remaining non-Y main street strakes |

are adjusted relative to the adjusted Y ‘main strcct o
| ~ lap for a distance sufﬁment for thc v1sual definition of

strokes using the relative adjustment process.
Once all the strokes have been computed, at block
695, the Y master coordinates of Y master segments

which did not form strokes are adjusted. If the Y master
segment is black convex and within an Mportant cluster

of the same type, the segment is adjusted using the Y

alignment adjusted process. Otherwise the Y master
coordinate of the segment is ad_]ustcd relative to the-
adjusted Y main street strokes using the relative adjust-

angles in each group are averaged and each diagonal
' line in the group is rotated by the complement of the
“average angle of the group. The rotation of the diagonal
segments result in vertical or almost vertical segments,

- from which thc dtagonal strokes can sn:nply be deter-

15 “mined.
are black convex and within an important cluster of the

At block 775, thc rotated dragonal segmcnts are ana-

-lyzcd to determine if the segments form diagonal

strokes. The requirements for forming the strokes are

o carlier; thus a stroke is found where two opposing seg-

ments, the first segment having an “in” color and the
second segment having an “out” color, vertically over-

~ the stroke.

2 block 780 the thicknesses of the diagonal strokes are

Once the dlagonal strokes have bcen determmed at

- adjusted. This is performed using a process herein re-

- ferred to as “empathy adjustment”. In the empathy
adjustment process, the thickness of the diagonal stroke

30 is compared to the stroke thicknesses of the X and Y

- strokes to find a vertical or horizontal stroke thickness

ment process. For example, master coordinate Yjp 1n' -

FIG. 18 would be ad_;usted relative to Y11, the closest Y
~main street side using thc follomng equatlon :

Y10'= Y11~ R{(Y11— Y10) *S711).

.~ Where Y11 1s the ad_]usted valueof Y1, Risa round-off
function which rounds the value to the nearest grid
position and S7i1; is the scale between Y main street

strokes sides 7 and 11, the two closest segments to Y1;. 4
At block 697, any remaining Y master coordinates are

40

adjusted relative to the adjusted Y main street strokcs_ )
-lowmg equatlon -

‘using the relative adjustment process.
- At block 699, the Y slave coordinates are adjustcd

The Y slave coordinates are adjusted relative to the two 45

master coordinates, which are adjacent to the slave
coordinate with respect to the frame. The slave coordi- -

nates are ad Justcd in the same manner as the X slave
coordinates using the process described with respect to
FIG. 13b.

At this point in thc process the adjustment of frame
coordinates in the horizontal and vertical direction have
been described. However, there are important visual
features which are not oriented in the vertical or hori-

55
“segment of the dragonal stroke by one-half of the

zontal direction which should be preserved in order to

minimize degradation of the character. For example, it

is'desirable to maintain the relative thicknesses of diago-

- or the letter “W”. In order to insure that these impor-

tant visual features are preserved, the frame coordinates

that is close to or equal to the diagonal stroke thickness.
- If a vertical or horizontal stroke thickness is equal to the
diagonal stroke thickness, the adjusted thickness of the

diagonal stroke is equal to the adjusted thickness of that
horizontal or vertical stroke. If the diagonal stroke
thickness is not equal to a horizontal or vertical stroke

thickness, the two closest thickness values, the closest
thickness value greater than the diagonal stroke thick-

ness and the closest thickness value less than the diago-

~ nal stroke thickness, are used to compute the adjusted
“thickness of the dtagonal stroke accordmg to the fol-

D =TL -+-(m__ TLY*t

,_{TD - TL)
~ (IR - TL)

Where TD is thcthlckncss of the diagonal stroke, TL is

the closest stroke thickness less than TD, TR is the
. closest stroke thickness greater than TD, and TD’, TL',
TR’ rcspcctwely are the adjuated thxcknesses of TD
g TL and TR.

‘The frame pomts are ad_]usted by drsplacmg cach

~ amount the stroke is adjusted, § (TD'—TD). However,

nal strokes such as the diagonal strokes in the letter “N”  the diagonal stroke cannot be modified by simply dis-

- placing the segments by § (TD'—TD). The end points

of the charactcrs which form dlagonal strokcs are also

ad_]usted

Referring to FIG. 19, at block ‘750 the dlagonal lrncs':

are ordered according to slope. A diagonal line is any

line which is not a horizontal or almost horizontal line

groups are formed of diagonals which are relatively

close in angle. The size of the range of the group should

65
or a vertical or almost vertical line. At block 755,

of the diagonal stroke must be adjusted in such a manner

‘that the thicknesses of the adjusted adjacent : strokes are
‘maintained. In order to preserve the thicknesses of the

adjacent strokes, the frame points at the intersection of

‘the adjacent stroke and the diagonal stroke are dis-
placed a]ong a segment of the adjacent stroke. This is

- illustrated in FIG. 20. For purposes of illustration, the
~letter N is broken down into 3 strokes, X strokes 810,

812 and dlagonal strokc 814. Usmg thc empathy adjust-'
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ment process, the thickness of diagonal stroke 812 is to
be increased by an amount W. Therefore segments 816
and 818 are each displaced by the amount W/2 to loca-
tions shown as 820 and 822. To maintain the thickness of
strokes 810, frame point 824 is adjusted to point 826 and

frame point 830 is adjusted to point 832. Similarly, to

preserve the thickness of stroke 812, frame point 834 is
adjusted to point 836 and frame point 838 is adjusted to
840.

Eash frame point is adjusted individually. The type of
frame point adjustments performed can be broken down
into 4 cases. Case 1 is the adjustment of a frame point
which is preceded by a segment to be adjusted and
followed by segment that is not to be adjusted. In other
words, the frame point connects a first segment that is
to be adjusted to a second segment that is not to be
adjusted. Case 2 is the adjustment of a point preceded
by a segment that is not to be adjusted and followed by
a segment that is to be adjusted. Case 3 is the adjustment
of a point between segments that are both to be ad-

justed, but adjusted by different amounts. Case 4 is the

adjustment of a point between segments which are both
to be adjusted by the same amount.

The geometry of the first case is illustrated in FIG.
21a. Line 850 represents the segments of a diagonal
stroke to be adjusted. Line segment 855 is the adjacent
segment which is not to be adjusted. The frame point of
the stroke which requires adjustment is identified at 860.
In the present example, line 850 is to be moved a dis-
tance d to adjust the diagonal stroke. Therefore frame
point 860 must be moved along segment 855 to point
870. By adjusting frame point 860 to 870 the thickness
and orientation of the stroke formed by.segment 855 are
preserved. |

The adjusted control point 870 is determined accord-
ing to the following process. From the frame points we
can determine the angles al and a2. Using the known
values al,a2 and the distance d, the new point 870 can
be calculated using trigonometric functions. The length
of the hypotenuse 875 of the triangle formed by the
vertices frame point 860, new frame point 870 and point
880 1s calculated according to the equation:

—_—
sin{fa2 — al)

Once AH 875 1s calculated, the AX and AY, which must
be added to the coordinates of frame point 860 to deter-
mine the adjusted coordinate 870, are calculated ac-
cording to the following equations:

AX = AH * cos(a2)

AY = AH * sin(a2)

Case 2, which is the case illustrated in FIG. 215, is the
of a point preceded by a segment that is not to be ad-
justed and a segment to be adjusted. Segment 900 identi-
fies the diagonal segment that is to be adjusted a dis-
tance d. The adjacent segment 905 is not to be adjusted.
In the present example we again know from the frame
points the angles al and a2. Using that mformatmn we
can calculate AH which is equal to:

d

AH = sin{fa2 — al)

26
AX and AY, which are added to coordinate point 910 to

- result 1n adjusted point 915, are calculated using the

d

10

15

20

following equations:
AX= —AH*cos (al)

AY= —AH*sin (al).

FIG. 21c illustrates case 3, the adjustment of a point
between two segments that are both to be adjusted, but
adjusted by different amounts. Referring to FIG. 21c,
frame point 925 is to be adjusted to point 930 in order to
adjust segment 935 a distance d0 and to adjust segment
940 a distance d1. In order to calculate the adjusted
coordinate 930 two sets of calculations are performed.
AX) and AY are first calculated to determine theoreti-
cal adjusted point 945 where the frame point 925 is a
case 1 segment, that is, a frame point preceded by line
940 to be adjusted, a distance d1, followed by a line not
to be adjusted, line 935. AX; and AY are calculated to
determine a second theoretical adjusted point 950
wherein the frame point 925 is a case 2 calculation, that
1s, a frame point is preceded by a line 940 not to be
adjusted followed by a line 935 to be adjusted a distance

5 d0. The points 925, 950, 945 and 930 form a parallelo-

30

35

45

50

55
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gram, therefore the adjusted point 930 is equal to:
X =X+AX1+AX>

Y= Y+AY1+AY2_

Case 4 is a point preceded and succeeded by lines in
which both lines are adjusted by the same amount. Re-
ferring to FIG. 214 control point 970 is preceded by line

975 and followed by line 980. Both line 975 and line 980
are displaced a distance d. Therefore, control point 970

‘must be adjusted by an amount AX and AY to result in

adjusted point 985. This is achieved using the following
equation:

d * cos(al
sin(a2 — al)

where TD 1is the thickness of the diagonal stroke and
TD'1s the adjusted thickness of the diagonal stroke and
al and a2 are determined from the frame of the charac-

ter.
AY is similarly determined by the following equation:

AY = d * sin{(al)

sin(a2 — al)

Once the diagonal adjustment process is complete the
frame points representing each of the characters are
adjusted and the control points for each character are
adjusted according to adjusted frame points using the
linear transformations described earlier in this docu-
ment.

‘The invention has been descnbed In conjunction with
the preferred embodiment. Numerous alternatives,
modifications, variations and uses will be apparent to
those skilled in the art in light of the foregoing descrip-
tion. For example, the horizontal, vertical and diagonal
adjustment processes may be used independently, in
conjunction with one another or in conjunction with
other adjustment processes. Similarly, the process of
analyzing the character and determining the important



stormg an “n” number of stroke thickness values to be
adjusted in a first indexed array, said values stored

~ in the array in order of i increasing value; -
: -stormg in a second indexed array correspondmg to
- the first array, a priority of the values stored in the
first array which define the order which the values
are to be adjusted said priority determinative of the

27

visual components may be used with other adjustment
- processes not described herein. In addition, the pro-
cesses or portions of processes that do not require the
input of the scale can be executed independently of
 those processes that require input of the scale. For ex- 5
ample, the process of analyzing the characters of the
typeface to determine the mponant visual components
may be a separate process which is executed once for - frequency a stroke thickness occurs in the typeface;
any typeface. The output data generated may be stored settmg the priority of the smallest value to the highest
in a intermediate data format and retrieved whenever 10 '_ pnonty, o
necessary to generate the typeface. This decreases the  storing in a third indexed array. correspondmg to the
~ amount of computatlon time required because the anal-  first array, the index of the first array element hav-
ysis process is executed only once for any given type- ~ ing a priority mmedlately lower than the current
face. The output of the analysis process may then be l 5 - mdexed array element; -
- used in conjunction with the horizontal vertical and "> adjusting the smallest value wherem the va.'lue is mul-
diagonal adjustment processes to generate the adjusted ~  tiplied by the scale of the typeface and rounded to
typeface for a given scale. If the typeface istobead- ~  the nearest grid posmon o
justed to another scale, the same output from the analy- determuung the next value to be ad_]usted from the
- sis process may be retrieved and used again with the ,, index stored in the third array;

‘horizontal, vertical and diagonal adjustment processes L
to generate an adjusted typeface for that scale B

~ What is claimed is:

1. In a computer comprising a dlSplay for dlsplaymg - N
25
- In a horizontal direction at least one character of the- -

characters of a digital typeface, a method for adjusting

digital typeface, said method comprising the steps of:
identifying X strokes as strong X strokes if the ratio of
the length of the stroke and the thickness of the

coordinates, said character being defined by a plu-
rality of control points having X-Y coordinates,
said frame points forming a polygon and having
determinable geometric relationships with sa:d |

control points based on their coordinates; - 40

constructing an X main street comprising non-hori-_

zontally overlapping strong X strokes, prioritized

in order of length, said X main street indicative of
high priority visual components of a character;
globally adjusting the thicknesses of the X strokes of 45
the typeface relative to all strokes of the typeface
thereby regularizing the th1cknesses of the X
~ strokes;
adjusting the X coordmates of the frame points of the
X strokes comprising the X main street, wherein

tial relations among the strokes which compnse the
characters of the typeface;

adjusting in the horizontal direction X whlte space 55 .

which occurs between X strokes, said white space

- being pmportlonately scaled and ad_]usted in order

to preserve the total width of the character; and
- adjusting the X coordinates of the frame points of the

X strokes not on X main street wherein the amount 60

of adjustment of the X coordinates is dependent

X white space between the X main street strokes;
wherein the width of the character and the symmetrles

50
said adjustment preserves the symmetries and spa-

| ad_]ustmg the remaining values in order of pnortty
~said adjustment process comprising: =

- detertmmng the largest value which was adjﬁsted and

'is smaller than the current value to be adjusted:;
'determ:mng the smallest value which was adjusted
and is larger than the current value to be adjusted;

B | 1f there is no value which is larger than the current

. value to be adjusted calculating the adjusted cur-

. rent value accordmg to the followmg equation:
- stroke is greater than a predetermined amount in- 30 : |

dicative of a strong stroke, said X strokes indicative - o
of important visual elements of a character with

respect to X coordinates of frame points of a frame L
representing the character, said X strokes defined
by said frame points, said frame points havmg X-Y 35

A[M]+R((V[k]-- V[M])“'S) -

where A[m] is the adjusted value of the largest value
which was adjusted and is smaller than the current
“value to be adjusted, R is a functlon which rounds the
~ number to the closest grid position, V{k] is the value to

be adjusted, V[m] is the ongmal value of the largest

- value which was adjusted and is smaller than the cur-
- rent value to be adjusted and S is the scale of the type-
“face and

if there is a value whlch is larger than the current

~ value to be adjusted, calculating the adjusted cur-

- rent value aecordmg to the followmg equation:

| A[m]+R((A[1'- -
]--A[m])'(v [k] --V[m])/ (V [r] -V[m]))

where where A[m] is the ad_]usted value of the
largest value which was adjusted and is smaller
than the current value to be adjusted, R is a func-
tion which rounds the number to the closest grid
position, A[r] is the smallest value which was ad-
justed and is larger than the current value to be
~adjusted, V[k] is the value to be adjusted, V[m] is
- the original value of the largest value which was
adjusted and is smaller than the current value to be
- adjusted, V]r}] is the ongmal value of the smallest
value which was adjusted and is larger than the
current value to be adjusted.

3 The method of claim 1 wherein the predetermmed -

'amount indicative of a strong stroke is 1.5:1.
upon the higher priority ad Justed X strokes and the

4. The method of claim 1 wherein the step of ad_]ust-
ing in the horizontal direction X whlte space which

occurs between X mam street strokes compnses the

and spatial relationships among the strokes of the char- ¢5 steps. of:

acters of the typeface are preserved.
2. The method of claim 1 wherein the step of global]y
adjusting the thickness of the X strokes compnses

calculatmg a X whlte spaoe scale factor accordmg to
~the difference of the total width of the character
and the total adjusted: stroke th;cknesses of the
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strokes on X main street, divided by the total
amount of X white space;
scaling the X white space by multiplying the X whlte
space by the X white space scale factor;

proportionately adjusting the scaled X white space to
preserve the symmetry of the size of the X white
space contained within each character.
5. The method of claim 4 wherein the step of propor-
tionately adjusting the scaled white space comprises the
steps of: |
storing an “n” number of adjusted white space values
to be ad _]usted in a first indexed array, said values
stored in the array in order of increasing value;

storing in a second indexed array corresponding to
the first array, a priority of the values stored in the
first array which define the order which the values
are to be adjusted, proportionally determined ac-
cording to the frequency a scaled white space
value occurs;

setting the priority of the smallest value to the thhest

priority;

storing in a third indexed array corresponding to the

first array, the index of the first array element hav-
ing a priority immediately lower than the current
indexed array element;

adjusting the smallest value wherein the value is mul-

tiplied by the scale of the typeface and rounded to
the nearest grid position

determining the next value to be adjusted from the

index stored in the third array;

adjusting the remaining values in order of priority

said adjusting process comprising:

determining the largest value which was adjusted and

-1s smaller than the current value to be adjusted;
determining the smallest value which was adjusted
and 1s larger than the current value to be adjusted;
if there is no value which is larger than the current
value to be adjusted, calculating the adjusted cur-

rent value according to the following equation:

Alm}+R((V[k]—V[m])*S)

where A[m] is the adjusted value of the largest value
which was adjusted and is smaller than the current
value to be adjusted, R is a function which rounds the
number to the closest grid position, V[k] is the value to
be adjusted, V[m] is the original value of the largest
value which was adjusted and is smaller than the cur-
rent value to be adjusted and S is the scale of the type-
face: and

if there is a value which is larger than the current

value to be adjusted, calculating the adjusted cur-
rent value according to the following equation:

Alm]+R((A[r-
]—Alm])*(V[k] - Vim])/(V[r] - V[m]))

where where Alm] is the adjusted value of the
largest value which was adjusted and is smaller
than the current value to be adjusted, R is a func-
tion which rounds the number to the closest grid
position, A[r] is the smallest value which was ad-
Justed and is larger than the current value to be
adjusted, V[k] is the value to be adjusted, V[m] is
the original value of the largest value which was
adjusted and is smaller than the current value to be
adjusted, V(r] is the original value of the smallest

5 -

10

15

20

25

30

35

435

50

95

65

30

value which was adjusted and is larger than the
current value to be adjusted.

6. The method of claim 4 wherein the step of adjust-
ing the X coordinates of the frame points of the strokes
not on X main street comprises aligning a side of each
stroke with the closest main street stroke side and ad-
justing the other side of the stroke according to the
adjusted stroke thickness.

7. The method of claim 4 wherein the step of aligning
a side of each stroke with the closest main street stroke
side comprises:

determining the side of a stroke which is closest to a

side of a stroke on X main street;

calculating the adjusted X coordinate of the side

closest to a side of a stroke on X main street ac-
cording to the following eguation:

Xe'=Xme'— R((| Xme—Xe|)*Sm)

where Xc and Xc' are respectively the value and
adjusted value of the side of the stroke closest to a
side of an X main street stroke, Xmc and Xmc' are
respectively the value and adjusted value of the
side of the main street stroke the stroke is closest to,
R represents the rounding of the value to the near-
est grid point and Sm is the scale factor between
the main street stroke sides closest to the right and
to the left of the stroke to be adjusted, said scale
factor being calculated according to the following

equation:
(Xpre — XM}' ) .
M= e — Xag) >

where Xprand Xpy/ are respectively the value and
adjusted value of a side of a main street stroke on
the side opposite the main street stroke side closest
to the stroke to be aligned and S represents the
scale of the typeface.

8. In a computer comprising a display for displaying
characters of a digital typeface, a method for scaling
selected off-grid coordinate and off-grid distances in the
digital typeface at a given scale, said method compris-
ing the steps of:

storing an *“n” number of selected off-grid coordinate

and off-grid distance values to be scaled in a first
indexed array, said values stored in the array in
order of increasing value;

storing in second indexed array corresponding to the

first array, a priority of the values stored in the first
array which define the order which the values are
to be scaled; |

setting the priority of the smallest value to the highest

pnonty,

storing in a third indexed array correspondmg to the

first array, the index of the first array element hav-
‘ing a priority immediately lower than the current
indexed array element;

scaling the smallest value wherein the value is multi-

plied by the scale factor and rounded to the nearest
grid position '

determining the next value to be scaled from the

index stored in the third array;

scaling the remaining values in order of priority said

scaling process comprising:

determining the largest value which was scaled and is

smaller than the current value to be scaled;
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is largcr than the current value to be scaled;

if there is no value which is larger than the current '
value to be scaled, calculating the scaled current .

value according to the following. e-quatron 5

A[ml+R((V [k]-V[m])‘S) _
- whcrc Alm] is the adjusted value of thc largcst valuc -'

which was scaled and is smaller than the current value 0 spatial relationships among the strokes of the char-

to be scaled, R is a function which rounds the number to
the closest gnd position, V[k] is the value to be ad-
justed, V[m] is the original value of the largest value
which was scaled and is smaller than the current value
to be scaled and S is the scale; and 15
- if there is a value which is larger than the current: |

value to be scaled, calculating the scaled current '

value according to the fo]lowmg equation:

Am]+R((A[r- . S
1= AlmDe(VI - VimD/ V- Vim) - ®

where A[m] is the adjusted value of the largcst
value which was scaled and is smaller than the
current value to be scaled, R is a function which

- rounds the number to the closest grid position, Alr] 25

- is the smallest value which was scaled and is largcr

than the current value to be scaled, V[k] is the

value to be adjusted, V[m] is the ongrnal value of
the largest value which was scaled and is smaller

than the current value to be scaled, V]r] is the 30' '_ .
original value of the smallest value which was

scaled and is larger than the currcnt va]uc to be -
scaled and S is the scale. | -
9. In a computer comprising a display for drsplaymg ;

characters of a digital typeface, an apparatus for of 35

adjusting in a horizontal direction at least one charactcr |
of the digital typeface, said apparatus comprising:
means for executing a program routine to identify the
X strokes as strong X strokes if the ratio of the

length of the stroke and the thickness of the stroke 40 -

is greater than or equal to a predetermined amount
indicative of a strong stroke said X strokes indica-
tive of important visual elements of a character
with respect to X coordinates of frame points of a-

frame representing the character, said X strokes 45

defined by said frame points, said frame points
having X-Y coordinates, said character being de-

fined by a plurality of control points having X-Y

coordinates, said frame points forming a polygon

and having determinable geometric relationships 50

with said control points based on their coordinates; -
means for cxecutmg a program routine to construct

~ an X main street comprising non-honzontally OVET-  \here A[m] is the adjusted value of the largest value
- which was adjusted and is smaller than the current
value to be adjusted, R is a function which rounds the
number to the closest grid position, V[k] is the value to
. be adjusted, V[m] is the ongmal value of the largest
‘value which was adjusted and is smaller than the cur-
rent value to be adjusted and S 1s the scale of the type-

| face and

lapping strong X strokes, - prioritized in order of |
length, said X main street indicative of hrgh pnor- SS
ity visual components of a character;

means for executing & program routine to globally
adjust the thicknesses of the X strokes of the type-
- face relative to all strokes of the typeface thercby
regularizing the thicknesses of the X strokes; 60

means for executing a program routine to ad_lust in
the horizontal direction X white space which oc-
curs between X stokes on main street, said white
space being proportionately scaled and adjusted in

order to preserve the total width of the character; ; 65

means for executing a program routine to adjust the
coordinates of the X main street strokes such that
the location of the strokes relative to one another is

| 5,28 1 ,‘,959

dctcrrmmng the smallest value which was scaled and
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dcterrmned according to the adjusted whrtc space
between strokes; and |

- means for executing a program routine to adjust the

X coordinates of the frame points of the X strokes
‘not on X main street wherein the amount of adjust-
ment of the X coordinates is dependent upon the
‘higher priority adjusted X strokes and the X white

- space between the X main street strokes; wherein

the width of the character and the symmetries and

acters of the typeface are preserved.
10, The apparatus of claim 9 wherein the program

routine executed to globally adjust the thrcknmses of X
strokes comprises:

‘a program subroutine for stonng an “n“ numbcr of
~ stroke thickness values to be adjusted in a first
~indexed array, said values stored in the array in

~order of increasing value;

' ‘a program subroutine for storing ina second indexed

- array corrcspondmg to the first array, a priority of
the values stored in the first array which define the
order which the values are to be adjusted said pri-

- ority determinative of the frequency a strokc thick-

ness occurs in the typcfacc

“a program subroutine for setting the prlonty of the

smallest value to the highest priority; -

‘a program subroutine for storing in a third rndcxed

array corresponding to the first array, the index of

“the first array element having a priority immedi-
- ately lower than the current indexed array element:
a program subroutine for adjusting the smallest value
- wherein the value is multiplied by the scale of the

typeface and rounded to the nearest grid position

- a program subroutine for determining the next value

to be adjusted from thc mdcx stored in the third
. maYr |

| - a program' 'subroutlnc for ad_]ustmg the rcmmmng

values in order of pnonty said ad_]ustmcnt process
comprising: |

‘a program - subroutinc for dctermuung the Jargest

value which was adjusted and is smallcr than the
current value to be adjusted;

a program subroutine for dctcrnumng the smallest
- value which was adjusted and is largcr than the

“current value to be adjusted; -

a program subroutine for calculatmg thc adjusted
. current value according to the following equation,

if there is no value whlch is larger than the current

o valuc to be adjusted

Alml+R(VII-V(m)s)

a prograrrr 'subroutmc for calculatmg thc adjustcd

~current value according to the following equation,

- if there is a value wl'uch is larger than thc current
~value to bc ad_]ustcd .

A[m]+R((A[r S o
]—A[m])*(V[k] - V[m])/(v [1'] --V[m]))
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where A[m] is the adjusted value of the largest
value which was adjusted and is smaller than the

- current value to be adjusted, R 1s a function which
rounds the number of the closest grid position, A[r]
1s the smallest value which was adjusted and is
larger than the current value to be adjusted, V[k] is

‘the value to be adjusted, V[m] is the original value
of the largest value which was adjusted and is
smaller than the current value to be adjusted, V|r}
is the original value of the smallest value which
was adjusted and 1s larger than the current value to
be adjusted.

11. The apparatus of claim 9 wherexn the predeter-
mined amount indicative of a strong stroke is 1.5:1.

12. The apparatus of claim 9 wherein the program
routine executed to adjust in the horizontal direction X
white space which occurs between X main street
strokes comprises:

a program subroutine for calculating a X white space
scale factor according to the difference of the total
width of the character and the total adjusted stroke
thicknesses of the strokes on X main street, divided
by the total amount of X white space;

a program subroutine for scaling the X white space
by multiplying the X white space by the X white
space scale factor;

a program subroutine for pmportmnately adjusting
the scaled X white space to preserve the symmetry
of the size of the X white space contained within
each character.

13. The apparatus of claim 12 wherein the program
routine executed to proportionately adjust the scaled
white space comprises:

a program subroutine for storing an “n’’ number of
adjusted white space values to be ad _]us_ted in a first
indexed array, said values stored in the array in
order of increasing value;

a program subroutine for storing in a second indexed
array corresponding to the first array, a priority of
the values stored in the first array which define the
order which the values are to be adjusted, propor-
tionally determined according to the frequency a
scaled white space value occurs;

a program subroutine for setting the priority of the
smallest value to the highest priority;

a program subroutine for storing in a third indexed
array corresponding to the first array, the index of
the first array element having a priority immedi-
ately lower than the current indexed array element;

a program subroutine for adjusting the smallest value
wherein the value is multiplied by the scale of the
typeface and rounded to the nearest grid position

a program subroutine for determining the next value
to be adjusted from the index stored in the third
array;

a program subroutine for adjusting the remaining
values in order of priority said adjusting process
comprising:

a program subroutine for determining the largest
value which was adjusted and is smaller than the
current value to be adjusted;

a program subroutine for detemnmng the smallest
value which was adjusted and is larger than the
current value to be adjusted;

a program subroutine for calculatmg the adjusted
current value according to the following equation,
if there is no value which is larger than the current
value to be adjusted:
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Alm]+R((V[k]— V[m])*S)

where A[m] is the adjusted value of the largest value
which was adjusted and is smaller than the current
value to be adjusted, R is a function which rounds the
number to the closest grid position, V[k] is the value to
be adjusted, V{m] is the original value of the largest

value which was adjusted and is smaller than the cur-

rent value to be adjusted and S is the scale of the type-
face; and
a program subroutine for calculating the adjusted
current value according to the following equation,
if there is a value which is larger than the current
value to be adjusted:

A[m]+R{(Afr- |
1—A[mD* (VK] = V[m]})/(Vir]—V{m]))

where A[m] is the adjusted value of the largest
value which was adjusted and is smaller than the
current value to be adjusted, R is a function which
rounds the number to the closest grid position, A[r]
is the smallest value which was adjusted and is
larger than the current value to be adjusted, V[k] is
the value to be adjusted, V[m] is the original value
of the largest value which was adjusted and is
smaller than the current value to be adjusted, V]r]
i1s the original value of the smallest value which
was adjusted and is larger than the current value to
be adjusted.
- 14. The apparatus of claim 9 wherein the program
routine executed to adjust the X coordinates of the
frame points of the strokes not on X main street com-
prises a program subroutine for aligning a side of each
stroke with the closest main street stroke side and a
program subroutine for adjusting the other side of the
stroke according to the adjusted stroke thickness.

15. The apparatus of claim 14 wherein the program
routine executed to align a side of each stroke with the
closest main street stroke side comprises: |

a program subroutine for determining the side of the
stroke which is closest to a side of a stroke on X
main street;

a program subroutine for calculating the adjusted X
coordinate of the side closest to a side of a stroke
on X main street according to the following equa-
tion:

Xc'=ch'—R((|ch—Xc|)'Sm)

where Xc and Xc¢' are respectively the value and
adjusted value of the side of the stroke closest to a
side of an X main street stroke, Xmc and Xmc' are
respectively the value and adjusted value of the
side of the main street stroke the stroke is closest to,
R represents the rounding of the value to the near-
est grid point and Sm is the scale factor between
the main street stroke sides closest to the right and
to the left of the stroke to be adjusted, said scale
factor being calculated according to the following

equation:
XM — Xmf)
= e — Xnp ©

where Xpyrand Xy ‘are respectively the value and
adjusted value of a side of a main street stroke on
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the side opposite the main street stroke side closest

to the stroke to be aligned and S represents thc
scale of the typeface.

16. In a computer comprising a dlSplay for dlsplaymg '

characters of a digital typeface, an apparatus for scaling

selected off-grid coordinate and off-gnd distances in the
dlgital typt:facc at a given scale sa:d appa_ratus compn_s- o

ing:
means for executing a program mutme to store an
“n” number of selected off-gnd coordinate and

off-grid distance values to be scalcd in a first in- L |
~ where A[m] is the ad_]ustcd value of the largcst value

10 |

dexed array, said values stored in the array 1 in order

of increasing value;

means for executing a program routmc to store in a“_

second indexed array corrcspondmg to the first

array, a priority of the values stored in the first
array which define the order whlr.:h thc values are |

to be scaled;

 means for executing a program routine to set the

priority of the smallest valuc to the hxghcst pnor-
lty: "

means for executing a program routine to store m a 25

third indexed array correspondmg to the first ar-

ray, the index of the first array element having a.

priority immediately lower than the current in-

dexed array element;
means for executing a program routine to scale the

30

smallest value wherein the valuc 1S mu]tlphecl by

the scale of the typeface and roundcd to the nearest :

grid position

means for executing a program routine to dctcrnnne

the next value to be scaled from the index stored in

the third array;

means for executing a program routine to scale the

remaining values in order of pnonty said scalmg
means comprising:
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means for cxccutmg a program routmc to determine
~the largest value which was scaled and is smaller
than the current value to be scaled;

' means for executing a program routine to determine

the smallest value which was scaled and 1s larger
- than the current value to be scaled;

"~ means for executing a program routine to calculate

the scaled current value according to the following
~ equation, if there is no value whlch is largcr than
the current value to be scaled B

A[m]+R((V [k]-V[m])‘ S)

15 which was scaled and is smaller than the current value
to be scaled, R is a function which rounds the number to
_ the closest grid position, V[k] is the value to be ad-
~ justed, V[m] is the ongmal value of the largest value
which was scaled and is smaller than the current value
20 to be scaled and S is the scale of the typeface; and
| mcans for executing a program to calculate the scaled

current value according to the following equation,
if there is a value which is larger than the current
| valuc to bc scalcd

A[m] +R((A[r- " |
]- A[m])'(v [k] V[m])/ (V [r] —V[m]))

where A[m] is the ad_]usted valuc of the largest
© value which was scaled and is smaller than the

' ~current value to be scaled, R is a function which
- rounds the number to the closest grid posmon, Alr]

is the smallest value which was scaled and is larger
than the current value to be scaled, V[k] is the

35 i value to be adjusted, V[m] is the orxgmal value of

‘the largest value which was scaled and is smaller
than the current value to be scaled, VJr] is the

~ original value of the smallest value which was

- scaled and is larger than thc current value to be

scaled.
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